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DECOMPOSITION OF SURFACE SEISMOGRAMS IN THE COMPLEX
FULL-WAVEFIELD INTO P-, SV- AND SH-WAVES 
Evaluation of the method in time-space domain based on numerical experiment
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                                 
We have shown a procedure for separating, in the spatial domain, synthesized waves in complex wavefields into the wave motion components 
of their P-, SV-, and SH-waves solely from the displacement vectors at the ground surface. We applied this procedure to the synthetic surface 
seismic motions in a three-dimensional sedimentary-basin model with a dislocation point source and then investigated the accuracy of the 
finite-difference approximation of the partial derivatives with respect to space using the three-component acceleration waveforms obtained from 
the potentials by extending the Aki and Larner method.  
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㸰. ✵㛫㡿ᇦ࡟࠾ࡅࡿ P, SV, SHἼືሙ࡬ࡢศ㞳 
Ἴື࣏ࢸࣥࢩࣕࣝ࡟ᑐࡍࡿ࣏࢔ࢯࣥ᪉⛬ᘧ
 3 ḟඖ඲Ἴືሙ࡟࠾ࡅࡿ┤஺ᗙᶆ⣔㸦㖄┤᪉ྥࢆ z ㍈࡜ࡍࡿ㸧࡟
ᑐࡍࡿ 3ᡂศኚ఩ሼݑǡ ݒǡ ݓሽ࡜ P, SH,SVἼ࣏ࢸࣥࢩࣕࣝ{ࢥ,ǘ,Ǚ}ࡢ㛵ಀ
ᘧࡣ௨ୗ࡛⾲ࡉࢀࡿ 18)ࠋ
(1a),(1b),(1c) 
ࡇࢀࡽࡢᘧ࠿ࡽ P, SH,SVἼ࣏ࢸࣥࢩࣕࣝ࡟㛵ࡍࡿ௨ୗࡢ 3ࡘࡢ࣏
࢔ࢯࣥ᪉⛬ᘧࢆᑟฟࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋ
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ࡇࡇ࡛㸪Vpࡣᑐ㇟࡜ࡍࡿ፹㉁ࡢ PἼ㏿ᗘࢆ⾲ࡍࠋᘧ(2)ࡢᕥ㎶࡜ᘧ(5)
ࡢᕥ㎶ࡀྠࡌ࡛࠶ࡿࡇ࡜࠿ࡽ㸪ḟᘧࡀồࡲࡿ 19)ࠋ
                  (6)     
୍᪉㸪⮬⏤⾲㠃ࡢ᮲௳ࡣḟࡢ 3ࡘࡢᘧ࡛⾲ࡉࢀࡿࠋ 
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ࡇࡢẚ㍑ࡣኚ఩Ἴᙧ࡛ࡣ࡞ࡃຍ㏿ᗘἼᙧሼݑሷ ǡ ݒሷ ǡ ݓሷ ሽ࡟ࡼࡾ⾜ࡗࡓࠋ  
ᆅୗ㏿ᗘᵓ㐀ࣔࢹࣝࡣ Fig. 1 ࡟♧ࡍࡼ࠺࡟㸪2 ᒙ࠿ࡽᡂࡿሁ✚┅ 
ᆅ࡛࠶ࡾ㸪┅ᆅ㒊ࡢᖹ㠃ᙧࡣ 1㎶ 19.2kmࡢṇ᪉ᙧ࡜ࡋࡓࠋ┅ᆅ➃
㒊ࡢᇶ┙㠃ࡣᖜ 4.2km ࡢ cosine ᆺࡢࢸ࣮ࣃ࣮ࢆᣢࡘࠋሁ✚ᒙࡢ≀
ᛶࡣ㸪SἼ㏿ᗘ(Vs)1.0km/s㸪PἼ㏿ᗘ(Vp)2.2km/s㸪ᐦᗘ(ǒ)19kN/m3㸪
ᇶ┙ᒙࡢ≀ᛶࡣ㸪Vsࢆ 2.4km/s㸪Vpࢆ 4.5km/s㸪ǒࢆ 25kN/m3࡜ࡋ㸪
ࡉࡽ࡟」⣲ Vsཬࡧ Vpࢆᑟධࡋ㸪ࡑࢀࡽࡢ⹫㒊ࡣ PἼཬࡧ SἼ࡟㛵




rate functionࡣ Fig. 2a ࡟♧ࡍࡼ࠺࡟㸪standard deviation(ǔ) 0.5s
ࢆࡶࡘ Gaussian function ࡜ࡋࡓࠋࡇࡇ࡛㸪࣮࣓ࣔࣥࢺ Mo ࢆ
1018(Nm)࡜ࡋࡓࠋmoment rate functionࡢࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ(Fig. 
2b)࠿ࡽ㸪ᛂ⟅ィ⟬࡟ᚲせ࡞ఏ㐩㛵ᩘࡣ᭷ຠ࿘Ἴᩘ 1.0Hz ࡲ࡛⪃៖
ࡋࡓࠋఏ㐩㛵ᩘࡢࢧࣥࣉࣜࣥࢢ࿘Ἴᩘࡣ 0.0125Hz ࡜ࡋࡓࠋ 
NF3DALM ࡢἼᩘỈᖹᡂศࡢ㞳ᩓ໬࡟క࠺ศゎ⬟ࢆỴᐃ௜ࡅࡿ✵
㛫⧞ࡾ㏉ࡋ࿘ᮇ㛗ࡉ(wraparound)ࡣ x, y᪉ྥඹ࡟ 38.4km࡜ࡋࡓࠋ
ቃ⏺㠃࡛ࡢኚ఩࡜ᛂຊࡢpoint matchingࡣ 0.15kmࡢ✵㛫ࢧࣥࣉࣜ
ࣥࢢ㛫㝸࡛⾜ࡗࡓࠋ
 ᆅ⾲㠃ຍ㏿ᗘἼᙧࡣ Fig. 1 ࡢⓑᢤࡁ୸༳࡛♧ࡋࡓሁ✚ᒙୖࡢ▴
ᙧ㡿ᇦࡢᑐゅ⥺ୖࡢ 6 Ⅼ࡜ y ㍈࡜ᖹ⾜࡞ᆅⅬࡢ 3 Ⅼࡢྜィ 9 Ⅼ
㸦Table 1㸧࡟ࡘ࠸࡚ồࡵࡓࠋFig. 3ࡢᕥิࡣ඲Ἴືሙሼݑሷ ǡ ݒሷ ǡ ݓሷ ሽࢆ⾲ࡍࠋ






ᶍᨃἼࡢ P,SVཬࡧ SHἼືሙ࡬ࡢศ㞳 
ᘧ (8a),(8b)ࢆᕪศ㏆ఝᘧ࡟⨨ࡁ┤ࡋ ,๓㏙ࡢ඲Ἴືሙࡢኚ఩
ሼݑǡ ݒǡ ݓሽ ࢆ᱁Ꮚ໬ࡋࡓ㞳ᩓⅬሼሺ݅οݔǡ ݆οݕሻǡ ݅ǡ ݆ ൌ ͳǡʹǡڮ ሽࡈ࡜࡟⟬ฟࡍ
ࡿࡇ࡜࡛㸪ḟࡢ PἼ࡟ࡼࡿ 3ᡂศࡢຍ㏿ᗘᡂศࢆồࡵࡓࠋ 
 
 
                                              





ཬࡧィ⟬㔞ࡀᑡ࡞ࡃ࡚῭ࡴ཯᚟ἲࡢ୍✀࡛࠶ࡿ successive over- 





࠾ࡅࡿ SH Ἴ࣏ࢸࣥࢩࣕࣝࡣᘧ(13)ࡢྑ㎶➨ 2 㡯ࡢຠᯝ࡟ࡼࡾ㸪ṇ
ࡋ࠸ゎ࡟཰᮰ࡍࡿࡇ࡜ࡀᮇᚅ࡛ࡁࡿࠋSH Ἴ࡟ࡼࡿྛຍ㏿ᗘᡂศࡣ
ḟࡢ୰ኸᕪศ㏆ఝ࠿ࡽồࡵࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡲࡓ㸪SVἼ࡟ࡼࡿྛ 
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= 䠄14.4, 14.4, 6.0䠅
䠄strike, dip, rake䠅

















Point 1 2 3 4 5 6 7 8 9
x(km) 9.6 13.2 16.8 20.4 24.0 27.6 16.8 16.8 16.8
y(km) 9.6 13.2 16.8 20.4 24.0 27.6 13.2 20.4 24.0
Fig. 1 Three-dimensional sedimentary basin model with dislocation point source.  
(The white circles represent the output points of the waveforms 
shown in Fig. 3.) 
Fig. 2 Moment-rate function (a) and its Fourier spectrum (b).
Table 1 Coordinates of points indicated by white circles in Fig. 1. 
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Fig. 3 Three-component waveforms in full wavefield at points P1 to P6 (a) and P7 to P9 (b) (left side) and comparison of the
components of P-, SV-, and SH-waves between the NF3DALM (target; upper lines) and the presented procedure for




Fig. 3ࡢྑഃ 3ิࡣ㸪๓㏙ࡢ 9ᆅⅬ࡛ࡢ඲Ἴືሙࡢ 3ᡂศἼᙧ㸦ᕥ






































Ἴ㛗ࢆ᥎ᐃࡍࡿ࡜㸪1.25km ࡜࡞ࡗࡓࠋࡇࡢࡇ࡜ࡣ㸪Fig. 6 ࡟࠾࠸
࡚ṧᕪࡢ཰᮰ࡀぢࡽࢀࡿ᱁Ꮚ㛫㝸㸦0.25㹼0.3km㸧ࡢ 4㸪5ಸ࡜࡞ࡗ
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0.075 0.3 0.6 1.2
0.15
H=aȴh2+b
a=0.027, b=0.023 for P and SV
a=0.027, b=0.010 for SH
P SV SH
xyz xyz xy
Fig. 5 Dispersion curves of Rayleigh and Love waves 
Fig. 4 Fourier spectra averaged for all grid points on the sediment. 
Fig. 6 Normalized residuals of waveforms of the separated
P-, SV-, and SH-waves with the five grid spacings. 
0.0 0.2 0.4 0.6 0.8 1.0
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Fig. 7 Time-history snapshots of three-component accelerations at ground surface for full wavefield (left side)







Fig. 7ྑୗ㝮࡟♧ࡍࡼ࠺࡟ X=16.8kmࢆ㏻ࡾ࠿ࡘ Y㍈࡜ᖹ⾜࡞ 










┙ᒙ PἼ㏿ᗘ㸦4.5 km/s㸹ⓑⰍࡢ◚⥺㸧ࡼࡾⱝᖸ㏿ࡃ㸪Ss┦࡜ Sp
┦ࡣᇶ┙ᒙ S Ἴ㏿ᗘ㸦2.4km/s㸹ⓑⰍࡢ◚⥺㸧ࡼࡾࡸࡸ㏿ࡃఏࢃࡗ
࡚࠸ࡿࡇ࡜࠿ࡽ㸪๓㏙ࡢ㟈※࠿ࡽᨺᑕࡉࢀࡓ PἼ㸪SἼཬࡧ┅ᆅᗏ
ࡢᇶ┙㠃࡛⏕ࡌࡓ SPኚ᥮Ἴ࡜⪃࠼ࡽࢀࡿࠋࡇࢀࡽ Ss࡜ Spࡢ┦࡟





㏿ᗘ࡜࡞ࡿࠋࡇࢀࡣ Fig.5 ࡟♧ࡋࡓᇶᮏ࣮ࣔࢻ Rayleigh wave ࡢ
Airy phase ࡛ࡢ఩┦㏿ᗘ㸦⣙ 1.3km/s㸧࡟ᑐᛂࡋࡓࠋࡲࡓ㸪ݓሷ ௦௩࡛
ࡣᆅⅬ㛫࡛ᑐᛂࡍࡿ┦ࡢ㆑ูࡀᅔ㞴࡞ࡓࡵ㸪Ἴ⩌ࡢఏ᧛㏿ᗘ࡟╔┠
Fig. 8 Three-component waveform trace of full wavefield (left side) and their separated P-, SV-, and SH-wavefields passing through 
traverse lines at x=16.8 km (a) and y=16.8 km (b) (lines shown in a lower right figure in Fig. 7), paste-up at 0.3 km intervals. 
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ࡍࡿ࡜㸪๓㏙ࡢ Airy phaseࡢ⩌㏿ᗘ㸦⣙ 0.5km/s㸧ࡢ㉮᫬࡟ᑐᛂࡋ













SV ཬࡧ SH ἼࡢྛἼືᡂศ࡟ศ㞳ࡍࡿᡭ㡰ࢆ♧ࡋࡓࠋࡇࢀࢆ᩿ᒙ
㟈※࡟ࡼࡿ 3ḟඖሁ✚┅ᆅࣔࢹࣝࡢᶍᨃᆅ㟈ື࡬㐺⏝ࡋ㸪㟈※௜㏆
ࡢྛἼືᡂศ࡟ࡼࡿᐇయἼࡢᨺᑕ≉ᛶ㸪ሁ✚ᒙෆࢆఏࢃࡿ Rayleigh 
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DECOMPOSITION OF SURFACE SEISMOGRAMS IN THE COMPLEX 
FULL-WAVEFIELD INTO P-, SV- AND SH-WAVES 
Evaluation of the method in time-space domain based on numerical experiment
Hirotoshi UEBAYASHI㸨
㸨 Associate Prof., Institute for Integrated Radiation and Nuclear Science, Kyoto University, Dr.Eng. 
In recent years, synthesis of strong ground-motion waveforms has increasingly been performed by finite-difference 
methods (FDM) in strong ground-motion prediction using models of subsurface velocity structures with irregular 
sediment-bedrock interfaces and incident waves from complex source processes. It is known that the seismic motions in 
the simulations of these complex subsurface velocity structure models exhibit remarkable temporal and spatial 
variations due to interference between waves (including transforms between P- and S-waves and between body and 
surface waves) dispersed by irregular sediment-bedrock interfaces. The characteristics of these variations can be 
investigated in more detail if these complex wavefields can be separated into P- and S-waves and the S-waves can 
further be separated into SV- and SH-waves.  
In this article, in the spatial domain, we have presented a procedure for the separation of waves in an irregular 
subsurface structure model into P-, SH-, and SV-waves based on the ground surface displacement (or velocity or 
acceleration) induced by the seismic motion (or velocity or acceleration) synthesized by FDM or other method or taken 
from high-density array earthquake observation recordings, and applied the procedure to the synthetic seismic motion 
response induced by a dislocation point source in a three-dimensional sedimentary-basin model (Figs. 1 and 2) to derive 
the acceleration waveforms corresponding to the P-, SH-, and SV-wave potentials. This enabled clear identification of 
the radiation characteristics of the body waves by the potentials corresponding to the point source mechanism, together 
with clear identification of a wave group (Rayleigh waves) formed by coupling of P- and SV-waves, and a wave group 
(Love waves) solely of SH-waves travelling horizontally in the sedimentary layer (Figs. 7 and 8). 
As given in Chapter 2, we have in particular presented a procedure for considering the expression (Eqs. 1(a)-(c)) of 
relations between the three-component displacements ሼݑǡ ݒǡ ݓሽ and the P-, SV-, and SH-wave potentials {ࢥ,ǘ,Ǚ} while 
assuming stress-free conditions (Eqs. 7(a)-(c)) at the ground surface, and thereby deriving their potentials in the 
spatial domain solely from the displacement vectors of the full wavefield at the ground surface. Using this procedure, 
we derived the P-wave potential (Eq. 8a) and the vertical displacement component (Eq. 8b) induced by this potential 
without performing partial differentiation of the ground surface displacement vectors in the vertical direction, and next 
derived the SH-wave potential as the solution of the two-dimensional Poisson equation (Eq. 3) at the ground surface. 
The three-component displacement induced by the SV-wave potential were obtained by subtracting the previously 
obtained components of displacement induced by the P-wave potential and the SH-wave potential from the 
three-component displacement induced by the given full wavefield (Eqs. 11(a)-(c)). To investigate the separation 
accuracy of the finite-difference approximation (Eqs. 12, 13 and 14) of the partial derivatives with respect to space, we 
compared the results with the three-directional acceleration waveforms induced by the potentials obtained by the 
near-field three-dimensional Aki and Larner method (NF3DALM)ref. 16) (Fig. 3). The results showed that good accuracy 
is obtained by the finite-difference approximation with a grid spacing that is approximately one-fourth or less the 
shortest wavelength of waves travelling horizontally in the sedimentary layer (Fig. 6). 
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